The quantitative relationships among chemical composition, storage temperature, and texture of cheese were not fully understood. In this study, the effects of composition and temperature on textural properties of eight common varieties of sliced cheese were examined. The textural properties of sliced cheeses, including firmness, cohesiveness, adhesiveness, springiness, chewiness, and resilience, were measured by texture profile analysis after storage at 4 and 25 ∘ C for 4 h. Multivariate logistic regression models were established to describe the quantitative relationships of textural properties (dependent variables) to chemical composition and storage temperature (independent variables) of sliced cheeses. Results showed that protein, fat, moisture, and sodium chloride contents as well as storage temperature significantly affected the texture of sliced cheeses ( < 0.05). In particular, fat in the dry matter and moisture in the nonfat substances were negatively correlated with firmness of sliced cheeses ( < 0.05). As storage temperature rose from 4 to 25 ∘ C, the average values of firmness, chewiness, and resilience substantially declined by 42%, 45%, and 17%, respectively ( < 0.05). This study provided reference data for adjusting chemical composition and storage temperature of common cheese products to obtain favorable texture for Chinese consumers, which thereby facilitated the localization of cheese industry in Chinese market.
Introduction
Texture was an important indicator for evaluating cheese quality and functional characteristics, which was also commonly used to differentiate many varieties of cheese. Cheese texture is considered to be a determinant of the overall opinion and preference of the consumers [1, 2] . The major approaches for analyzing cheese texture were sensory evaluation and instrumental measurements. The former approach was time-consuming and required extensive training of panelists; thus, the latter approach had often been chosen for routine analysis of cheese texture [3] . Texture profile analysis (TPA) worked effectively for analyzing and predicting sensory attributes of cheese. Numerous studies confirmed that the results of instrumental TPA correlated well with sensory evaluation data of cheese texture [4] [5] [6] .
Chemical composition was one of the most important factors influencing cheese quality. In the manufacture of natural cheese, different processing conditions of strain culture, heating temperature, salting, stretching, and ripening would cause variations in the chemical composition of the products [7, 8] . Protein, fat, and moisture were the three major constituents of cheese, which comprise more than 80% mass and directly affected textural and functional properties of cheese [9] [10] [11] [12] . For example, there existed great differences in the firmness and springiness of Cheddar cheese with varying fat contents (low-fat, 6%; reduced-fat, 16%; and fullfat, 33%) at the ripening stage [13] . Additionally, sodium chloride (NaCl) had a direct effect on cheese texture and rheology, because NaCl addition increased the amount of the matrix as well as casein hydration and solubilization via calcium displacement [14, 15] .
Cheese was a traditional and popular manufactured food product. Natural cheese took a leading role (>80%) in the market share in western countries. On the contrary, processed cheese took above 90% market share in China, of which 2 Journal of Chemistry 60% was sliced cheese (source: After International Dairy Federation). In cheese processing, the proportion of moisture, fat, protein, and NaCl could be manipulated conveniently by blending other diary (e.g., cream, butter, skim-milk powder, and whey powder) and nondairy ingredients (e.g., vegetable oil, ham, fish, and NaCl) which was convenient in processed cheese products [16] . Therefore, any changes in chemical compositions must also be taken into consideration for evaluating cheese texture.
Storage temperature was another important factor affecting cheese quality. Cheese was preferentially stored and distributed at 2-8 ∘ C. In China, temperature control in cheese storage was often not so good that the interruption of the cold chain and potential temperature which rose to the ambient level (25 ∘ C) might cause substantial changes in sensory and texture properties of cheese [14] . Many studies investigated the effect of temperature on the flavor, color, and oxidative stability of processed cheese [17] . The shelf life of processed cheese stored at ambient temperature might be shortened considerably due to lipid oxidation and/or nonenzymatic browning [17] . However, few studies focused on the quantitative relationship between cheese texture and storage temperature, leading to difficulties in the manufacturing of favorable cheese products involving temperature adjustment.
The objectives of this study were (1) to investigate the quantitative relationships of chemical composition and storage temperature to texture properties of eight common varieties of sliced cheese and (2) to identify the feasibility and possible benefits of sensory assessment of cheese. The textural properties of sliced cheeses were measured by texture profile analysis (TPA) after storage at different temperatures for a certain period. Multivariate logistic regression models were established to describe the quantitative relationships of textural properties to chemical composition and storage temperature of sliced cheeses. The results will provide reference data for adjusting chemical composition and storage temperature of common cheese products to obtain favorable texture for Chinese consumers, thereby facilitating the localization of cheese industry in Chinese market.
Materials and Methods

Cheese Samples.
Eight varieties of sliced cheese (lowfat Cheddar; high-calcium Cheddar; Cheddar 1; Cheddar 2; Emmental 1; Gouda; Emmental 2; and reduced-fat Cheddar) were purchased from a local grocery store in Shanghai, China. All of the sliced cheeses were cut into cubes (5 cm × 5 cm × 1 cm) and wrapped with plastic film to minimize moisture losses. The samples were divided into two groups and then stored at 4 ∘ C in a refrigerator and at 25 ∘ C for 4 h prior to analysis.
Proximate Analysis.
The proximate analysis of the cheese samples was carried out following standard methods of AOAC [18] . About 100 g of cheese was taken from various parts of the cheese mass for analyzing. Total protein in cheese was determined by measuring total nitrogen using the Kjeldahl method [19] with a Kjeltec Auto Analyzer (Model 2400, Tecator, Hoganas, Sweden) and converting with a multiplication factor of 6.38. The fat content of cheese samples was determined using the Gerber method [20] . To determine total moisture content, the samples were weighed into aluminum pans and dried in a 70 ∘ C vacuum oven (92 kPa) for 4 h following a modified version of method in the Association of Official Analytical Chemists [19, 21] . NaCl content was determined by colorimetric titration with a chloride analyzer (model 926, Corning, Medfield, MA, USA). All chemical measurements were carried out in triplicate. Fat in dry matter (FDM, %) was calculated as fat/(100 − moisture) × 100, moisture in nonfat substance (MNFS, %) was calculated as moisture/(100 − fat) × 100, and salt in moisture (S/M, %) was calculated as salt/moisture × 100.
Texture Profile
Analysis. TPA of sliced cheese was performed using a texture analyzer (model TA-Hdi, Stable Micro Systems, Godalming, UK) with a 10 kg force load cell. A double-bite compression cycle ( Figure 1 ) was carried out with a rest period of 5 s between bites. Optimized test conditions were SMSP/25 probe, 25 mm diameter cylinder; test speed, 1 mm/s; pretest speed, 2 mm/s; posttest speed, 5 mm/s; distance, 2.0 cm making the cheese samples fractured; and trigger force, 0.020 g. Each cheese sample was measured for 26 replicates. Data collection was accomplished using Texture Expert (version 1.22, Stable Micro System, Haslemere, Surrey, UK). TPA parameters were determined according to Bourne [22] .
Data Analysis.
Cheese textural properties, including firmness, adhesiveness, springiness, cohesiveness, chewiness, and resilience, were calculated using Texture Exponent 32 (Stable Micro Systems Ltd., Godalming, UK). The data of chemical composition and textural properties were analyzed using PROC REG analysis and the prediction model was built using stepwise linear regression analysis in SAS 9.2 (SAS Institute, Cary, NC, USA). Using stepwise linear regression, the independent variable not in the equation that had the smallest probability of F was entered at each step, if that probability was sufficiently small. Variables already in the regression equation were removed if their probability of F became sufficiently large. The method terminated when no more variables were eligible for inclusion or removal. In the regression analysis, textural properties were taken as the dependent variables, and chemical composition and temperature were taken as the independent variables. The program first selected the most significant independent variable ( < 0.05) followed by the second most significant independent variable ( < 0.05), and so on, in a stepwise fashion [23] .
Results and Discussion
Chemical Composition of Sliced
Cheese. The chemical composition of natural cheese was affected by various factors such as raw milk composition, curd handling, cooking, and salting, whereas that of processed cheese was strongly controlled by the variety of natural cheese as well as the amount of solid matter and water added [14] .
In the eight varieties of sliced cheese under study, moisture comprised approximately 50% of total mass, and the percent moisture in nonfat substances (MNFS) varied from 57.5 to 71.0% (Table 1) . Compared with moisture content, the MNFS level was considered to have a more direct relationship to cheese properties and was among the most important factors affecting cheese quality [24] . The lowest MNFS values were found in low-fat and reduced-fat Cheddar (∼60%), with the highest values in Emmental 2 and Cheddar 1 (∼70%, Table 1 ). The lower the MNFS level was, the higher the protein concentration and the number of intermolecular bonds were [25] . It was suggested that the ratio of casein to water rather than the fat level has a major effect on meltability of casein gels [25] .
Fat content of cheese was often expressed as fat in the dry matter (FDM) which was responsible for desirable functional, textural, and sensory properties of cheese [24] . In the present study, FDM varied from 22.5 to 51.7% in the eight varieties of sliced cheese (Table 1) . Statistical data showed that the FDM values were significantly lower in low-fat and reduced-fat Cheddar than in the other varieties of sliced cheese ( < 0.05), consistent with the MNFS data mentioned above.
Excessive dietary sodium intake was not good for health. Being a minor constituent of cheese, typical amount of NaCl as indicated by the salt in moisture (S/M) ranges from 1.8 to 2.1%. As for the sliced cheeses tested, S/M was generally less than 2.8% (Table 1 ). This parameter is directly linked to NaCl and moisture levels in cheese. Elevation of S/M may increase the possibility for replacement of Ca 2+ with Na + , thereby decreasing the firmness of cheese. Additionally, S/M was considered to be strongly related to texture, rheology, and flavor [15] .
Protein in processed cheese is mainly casein, which was the only continuous phase in cheese and forms a honeycomblike network directly through calcium bridge. The caseinbased network structure provided a matrix for fat, moisture, and salt [14] . In the sliced cheeses tested, the protein content generally ranged from 16 to 18.5%, with an exceptionally low level in Emmental 2 (12%, Table 1 ). According to the literature, protein content and distribution affected the texture of cheese. The lower the protein content, the higher the firmness of cheese. Thus, our protein data indicated that Emmental 2 had the lowest firmness among the cheese varieties tested. Table 2 shows the firmness of sliced cheeses tested in relation to different chemical compositions and storage temperatures. Firmness was the force needed to attain a given deformation [26] . In sensory terms, it was the force required to compress a cheese with the molars to the point of penetration [27] . It could be seen that low-fat and reduced-fat Cheddar have significantly higher firmness than the other varieties ( < 0.05, Table 2 ), corresponding to their lowest MNFS and FDM values ( < 0.05). On the contrary, Emmental 2 and Cheddar 1 had the lowest firmness among the eight varieties ( < 0.05), coincident with the highest MNFS and FDM values ( < 0.05). Additionally, the average firmness of sliced cheeses declined by 42% when the storage temperature rose from 4 to 25 ∘ C (Table 2) . 
Cheese TPA Properties in relation to
Equation (1) showed that the firmness of sliced cheese had an inverse relationship with MNFS, FDM, and storage temperature. That is, decrease in MNFS, FDM, or storage temperature contributed to an increase in the firmness of sliced cheese. Specifically, fat in cheese was mainly butter with a melting point of approximately 34 ∘ C. Butter turned soft gradually as the temperature rose, leading to structural changes and even collapse of cheese. Texture attributes were influenced by the nature of protein matrix resulting from fat removal [28] . Therefore, fat content affected cheese firmness significantly, and firmness of cheese products could be effectively controlled by adjusting fat content during product manufacturing.
The adhesiveness of different varieties of sliced cheese is indicated in Table 3 . Adhesiveness was the work needed to overcome attractive force between food and other surfaces [26] , which, in sensory terms, was the degree to which the sample sticks to your teeth as mastication progresses [21] . The negative sign of adhesiveness values meant stress directed down.
As temperature rose from 4 and 25 ∘ C, the adhesiveness varied among the sliced cheeses tested. The adhesiveness increased with temperature rising by 42% in Cheddar 1 and by 25% in Emmental 2 ( Table 3) , both of which had the lowest firmness (Table 2 ) and highest FDM (Table 1) . However, the adhesiveness of low-fat Cheddar, Cheddar 2, and reducedfat Cheddar declined with temperature rising by 19%, 25%, and 33%, respectively, in relation to the highest firmness and lowest FDM. The adhesiveness was influenced by the fat content. When the temperature rose the structure of the full-fat cheese changed and the fat turned soft and increased the adhesiveness. However, the fat of the low-fat cheese was blocked and that reduced the adhesiveness. The adhesiveness of the eight varieties of sliced cheese was correlated with chemical composition and storage temperature as follows: 
In (2), cheese adhesiveness correlated negatively with protein content and positively with FDM and S/M levels. Fat presented as globules contained within the protein matrix network in cheese curd, acting as a plasticizer to inhibit the formation of cross-links between the casein chains [29] . Lower protein and higher fat contents allowed cheeses to melt better and thus increase the adhesiveness. It was reported that the adhesiveness rose when the S/M rose [12] . Similarly increasing potassium salts was found to increase the adhesiveness too, and this may be related to the observed increases in fat globule size and pH value [30] .
For cheese consumption, appropriate adhesiveness was good for taste and flavor releasing. However, excessively high adhesiveness would cause the problems of cheese package sticking and cheese adhesive to the moderate defect [31] . In this context, adhesiveness played an important role in the quality of sliced cheese and the control of cheese adhesiveness was thus meaningful.
The springiness of eight varieties of sliced cheese was presented in Table 4 . In sensory terms, springiness referred to the degree to which the sample returned to the original shape after partial compression between the tongue and hard palate [21] .
As storage temperature rose from 4 to 25 ∘ C, an average value of springiness decreased by 7% in the sliced cheeses tested ( Table 4 ). The springiness of Cheddar 2 and lowfat Cheddar declined by 14% and 11%, respectively, showing significant differences ( < 0.05). The other varieties of cheese showed no significant differences in the springiness with temperature rise ( > 0.05).
Previously, Chevanan et al. [12] observed higher springiness in high-calcium and high-phosphorus cheese for the entire testing period of eight months, which might be attributed to more cross-linkages, less proteolysis, and lower moisture in the treatments [12] . In the present study, we found that high-calcium Cheddar's springiness almost had no changes (−0.007) when storage temperature rose from 4 to 25 ∘ C. It was possible that Ca 2+ was replaced by Na 
Equation (3) indicated that cheese springiness correlated positively with MNFS and S/M but negatively with temperature. However, a previous study suggested that the springiness of both half-fat and low-fat cheese decreased significantly with increasing MNFS [32] . These contradicting results might Journal of Chemistry Journal of Chemistry be ascribed to the presence of gums (e.g., carrageenan and xanthan gum), which were usually used to maintain the springiness of cheese and reduce the total solids for cutting the cost. Resilience, which referred to the degree to which the cheese regains its original shape during the biting process [12] , shared a certain similarity with springiness in describing cheese elasticity. There existed at least one difference between resilience and springiness. The former was a measure of ability that the deformed cheese returned to original position after removal of force rapidly, while the latter was a measure of ability that the deformed cheese returned to the initial position after removal of force slowly.
The resilience of eight varieties of sliced cheese is shown in Table 5 . As storage temperature rose from 4 to 25 ∘ C, the resilience declined in all varieties of sliced cheeses tested. In particular, the resilience of high-calcium and Cheddar 1 declined by 26% and 28%, respectively, showing significant differences ( < 0.05).
The resilience of eight varieties of sliced cheeses was correlated with chemical composition and storage temperature as follows: 
Equation (4) indicated that cheese resilience correlated negatively with MNFS, S/M, and storage temperature. Thus, the decreased levels of MNFS, S/M, and storage temperature jointly contributed to the higher resilience values in these treatments. Specifically, low MNFS level meant relatively high protein level, which contributed to the resilience of cheese. High S/M level indicated NaCl content increased, which would increase the possibility of Ca 2+ replacement, thereby decreasing the firmness and resilience of sliced cheese. As the storage temperature rose, fat in cheese turns soft, leading to deformation of the product and reduction of its resilience.
Chewiness was a secondary textural parameters of cheese. It was a measure of the work needed to masticate a solid food to a state ready for swallowing [26] , which, in sensory terms, was the number of chews that are required before the sample is ready for swallowing [21] .
Low-fat cheese samples had high chewiness values while high-fat or high-moisture ones had low chewiness. Average chewiness value significantly declined by 45% ( < 0.05) when storage temperature rose from 4 and 25 ∘ C (Table 6 ). The suitable chewiness provides a rich mouth feel and enhances the joy of tasting cheese.
The chewiness of eight varieties of sliced cheese was correlated with composition and temperature as follows: 
Equation (5) indicated that cheese chewiness was correlated negatively with FDM and storage temperature only. The decreased levels of FDM and storage temperature might have important roles in the higher chewiness values in these treatments. This was because chewiness was positively related to the firmness of cheese. The higher the moisture and fat contents were, the lower the firmness of cheese would be. On the contrary, the higher the protein and dry matter contents, the higher the firmness of cheese. As the temperature rose, fat in cheese gradually became softened and thus reduced the firmness of cheese product.
Conclusions
Chemical composition (protein, fat, moisture, and NaCl contents) and storage temperature significantly affected the textural properties of sliced cheese. Sliced cheese with higher protein content had lower adhesiveness, whereas fat content (fat in the dry matter) was correlated positively with adhesiveness but negatively with firmness and chewiness of sliced cheese. Low moisture content (percent moisture in the nonfat substances) was associated with higher firmness, and resilience but lower springiness and cohesiveness of sliced cheese. Higher salt content (salt in moisture) caused low resilience and higher adhesiveness and springiness. Storage temperature was correlated negatively with firmness, springiness, chewiness, and resilience of sliced cheese. This study described quantitative relationships between textural properties and chemical composition for common varieties of sliced cheese in Chinese market. In particular, empirical formulae were established for quantitative relationships between storage temperature and cheese texture of eight cheese varieties. The results were thus of guidance value for manufacturing of processed cheese favorable for Chinese customers.
